Nondirected living donors (NDLDs) are an important and growing source of kidneys to help reduce the organ shortage. In its infancy, NDLD transplantation was clustered at a few transplant centers and rarely benefited African American (AA) recipients.
| INTRODUCTION
There are currently more than 97 000 patients on the kidney transplant waitlist with fewer than 20 000 transplants occurring each year. 1, 2 One way to address the growing demand for kidney transplantation is by optimizing living kidney donation; however, only approximately 5000 living donor kidney transplants are performed annually. 1, 2 The vast majority of living kidney donations come from directed living donors (DLDs), who donate their kidneys to a specific person; however, there is an increasing number of living kidney donations from nondirected living donors (NDLD) each year. 3 This form of donation has the potential to make a significant impact for candidates currently waiting for a suitable organ 1, 3 and might have psychosocial benefits for the donor as well. 4 We previously studied nondirected living kidney donation in the United States and found regional and racial disparities in utilization; of particular concern was that African Americans (AAs)
were significantly under-represented among NDLD recipients, despite substantial representation on the waiting list and the fact that NDLDs were supposed to be utilized equitably across the waiting list. 5 This racial disparity-the under-representation of AAs as recipients-has been described broadly in living kidney donation as well. 6 However, these regional and racial disparities were seen in an era without widespread kidney paired donation (KPD). With KPD, NDLD kidneys have been used to benefit a different population of recipients. 7, 8 Furthermore, there is evidence that transport of living donor kidneys does not worsen recipient outcomes, 9 so it is possible that regional sharing might have increased.
To determine whether regional and racial disparities in NDLD utilization might have improved, we conducted a national registry study of the NDLD population in the USA. We divided the study period into two eras to investigate temporal changes. We defined demographic variation among NDLDs, identified differences in recipients who received kidneys from NDLDs, and compared center level and regional variation in NDLD use.
| METHODS

| Data source
This study used data from the Scientific Registry of Transplant Recipients (SRTR). The SRTR data system includes data on all donors, waitlisted candidates, and transplant recipients in the United
States, submitted by the members of the Organ Procurement and Transplantation Network (OPTN), and has been described elsewhere. 10 The Health Resources and Services Administration (HRSA), US Department of Health and Human Services, provides oversight to the activities of the OPTN and SRTR contractors. We also studied 96 882 living donor kidney transplant recipients and 481 475 kidney transplant waitlist registrants during this period.
| Study population
| Demographic trends over time
We described the change in the incident rate of NDLDs per year using
Poisson regression. In order to better power our analyses over time, we then divided the study period into two halves, 2000-2007 and 2008-2015 , which also allowed for comparison to our previous study of disparities in NDLD transplantation. 5 We compared gender, race, age, body mass index (BMI), blood type, education, and insurance type between eras. For kidney transplant recipients and waitlist registrants, we studied the same characteristics listed above, as well as time on dialysis, history of previous kidney transplant, waitlist time, and peak PRA.
| Center and regional level utilization of NDLD
We evaluated the equity of distribution of NDLDs at transplant centers across the United States using the Gini coefficient, a measure of inequality, and the Lorenz curve, a graphical representation of inequality. 11, 12 In the case of perfect equality, the Lorenz curve would fall along the diagonal reference line. We computed the Gini coefficient, a dimensionless value between 0 and 1 with a higher number representing, in this context, a higher concentration of NDLD transplants at a smaller number of centers. We also produced Lorenz curves to illustrate the use of NDLD over time, across both eras of the study and in 2-year periods of the study. All centers in the USA with at least one living donor nephrectomy performed during [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] [2015] were included in the Lorenz curves. We similarly explored regional variation in NDLDs using OPTN regions.
| Statistical analysis
Cross Zeger. 13 All analyses were performed using Stata 13.0/MP for Linux 
| RESULTS
| Study population
NDLDs increased an average of 12% per year, from 20 in 2000 to 188 in 2015 (IRR: 1.11 1.12 1.13, P < .001, Figure 1 Table 2 ). The proportion of AA NDLDs each year is shown in Figure 1 . During 2008-2015, NDLDs were more likely to be insured (87.4% vs 81.3%, P < .001) and have higher levels of education (21.9% postcollege and 33.3% college-educated vs 14.8% postcollege and 23.3% college-educated, P < .001, Table 2 ) compared to the earlier half of the study.
| Recipients of NDLD and DLD kidneys
Over the whole study period, recipients of NDLD kidneys differed from both recipients of DLD kidneys and from candidates on the deceased donor waitlist (Table 3 ). Compared to recipients of DLD kidneys, recipients of NDLD kidneys were older (median age 49 vs 47 years, P < .001), more likely to be publicly insured (54.2% vs 41.0%, P < .001), had higher BMIs (median 27 vs 26, P < .001), spent longer time on dialysis (median 1.6 vs 0.6 years, P < .001), spent longer time on the waitlist (median 1.3 vs 0.4 years, P < .001), were more likely to have had a prior kidney transplant (12.8% vs 10.5%, P = .003), and were less likely to have blood type O (37.6% vs 44.8%, P < .001, Table 3 ). Compared to waitlist candidates, recipients of NDLD kidneys were younger (median 49 vs 52 years, P < .001), had higher levels of education (50.2% college or above vs 43.9%, P < .001), had lower BMIs (median 27 vs 28, P < .001), were less likely to have had a previous kidney transplant (12.8% vs 13.3%, P < .001), and were less likely to have blood type O (37.6% vs 48.5%, P < .001, Table 3 ).
| Racial disparities
About 29.2% of waitlist candidates were AA, compared to 14.0%
of DLD kidney recipients and 16.5% of NDLD recipients (P < .001, Table 3 Table 4 ; of note, all regions increased in absolute number of NDLD nephrectomies in the second half of the study period as compared to the first.
| Center-level and regional variation
| DISCUSSION
In this study, we found that A recent consensus conference on overcoming disparities in living kidney donation provided several recommendations including removing financial disincentives, implementing community-based educational programming, and better characterizing existing disparities in living kidney donation. 6 Better characterization of disparities in NDLD transplantation is an important step in this process. Our finding that the recipients of these kidneys should be representative of those in need across the entire waiting list. Finally, in our analysis of regional and center-level differences over time, our study is limited by lack of data on sentinel events, which may have led to changes over time such as center-level donor risk acceptance or donor recruitment campaigns.
In conclusion, we have demonstrated that despite increasing use of NDLD kidneys over time both in absolute number and in center-level distribution, the recipients of NDLD kidneys are disproportionately Caucasian and this racial disparity has not improved over time. In fact, there is evidence this racial disparity has worsened. While there are several explanations for this finding, the persistence of the disparity alongside the steady increase in NDLD transplants over a 16-year period suggests that there is need for novel solutions to ensure that the benefit of NDLD kidneys is not limited to a subset of the population in need of a kidney transplant. 
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